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FOREWORD

This report was prepared by North American Aviation, Inc., Space
Division, under NASA Contract NAS9-4552, for the National Aeronautics and
Space Administration, Manned Space Flight Center, Houston, Texas,with
Dr. F.C. Hung, Program Manager and Mr. P.P, Radkowski, Assistant
Program Manager. This work was administered under the direction of
Structural Mechanics Division, MSC, Houston, Texas with Dr. F. Stebbms
as the technical monitor.

This report is presented in eleven volumes for convenience in handhng
and distribution., All volumes are unclassified.

The objective of the study was to develop methods and Fortran IV
computer programs to determine by the techniques described below, the
hydro-elastic response of representatmn of the structure of the Apollo Com-
mand Module immediately following impact on the water. The development
of theory, methods and computer programs is presented as Task I Hydro-
dynamic Pressures, Task II Structural Response and Task III Hydroelastic
Response Analysis.

Under Task I - Computing program to extend flexible sphere using the
Spencer and Shiffman approach has been developed. Analytical formulation
by Dr. Li using nonlinear hydrodynamic theory on structural portion is
formulated. In order to cover a wide range of impact conditions, future
extensions are necessary in the following items:

a. Using linear hydrodynamic theory to include horizontal velocity
and rotation.

b. Nonlinear hydrodynamic theory to develop computing program on
spherical portion and to develop nonlinear theory on toroidal and
conic sections,

Under Task II - Computing program and User's Manual were developed
for nonsymmetrical loading on unsymmetrical elastic shells, To fully
develop the theory and methods to cover realistic Apollo configuration the
following extensions are recommended:

a. Modes of vibration and modal analysis,

b. Extension to nonsymmetric short time impulses.

- iii -




Ce Lineavr buckling and elasto-plastic analysis

These technical extensions will not only be useful for Apollo and
future Apollo growth configurations, but they will also be of value to other
aeronautical and spacecraft programs.

The hydroelastic response of the flexible shell is obtained by the
numerical solution of the combined hydrodynamic and shell equations. The
results obtained herein are compared numerically with those derived by
neglecting the interaction and applying rigid body pressures to the same -
elastic shell, The numerical results show that for an axially symmetric
impact of the particular shell studied, the interaction between the shell and
the fluid produces appreciable differences in the overall acceleration of the
center of gravity of the shell, and in the distribution of the pressures and
responses, However the maximum responses are within 15% of those pro-
duced when the interaction between the fluid and the shell is neglected, A
brief summary of results is shown in the abstracts of individual volumes.

The volume number and a.uthqz"s are listed on the following page.

The contractor's designation for this report is SID 67-498,
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ABSTRACT

This volume is a user's manual for a computer pro-
gram which determines the dynamic response of a shell
of revolution during a vertical axially symmetric impact
into an incompressible fluid. The program uses the
theory developed in Volume 2 of this report where no
interaction between the fluid and the flexible shell is
accounted for. The hydrodynamic pressures are deter-
mined on the basis of a rigid-body theory, and are applied
to the shell as a forcing function. The results are intended
for comparison with similar calculations derived from
Volume 3 and the User's Manual of Volume 6 where the
hydroelastic interaction is accounted for,
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1.1 INTRODUCTION

, The computer program for the calculation of the dynamu: response
of shells of revolution during vertical impact into water when no interaction
is present is written entirely in FORTRAN IV and makes use of the overlay
feature of that language. The program has been checked out in NAASYS, . ‘the
"~ NAA adaptation of the IBM 7090/7094 IBSYS/IBJOB system; and uses the
- NAASYS library routmes shown in the load map, pages 4 to 8, mclusxve,
" of Section 1 2 : : .

_ The NAASYS input tape is Umt 5 ‘the output tape is Unit 6. In addition
. to these files, the program uses Units 8, 9, 10, and 11 as scratch tapes,
and Unit 7 as the overlay tape. NAASYS itself is stored on Unit 1.

The program is made up of an executive program and eight links, all
of which are called by the executive program. A brief description of each
link is shown in Table I below. '

-~ Table 1. Description of Links

Link
No. Name Purpose
0 Executive Reads general data, DA, and controls flow of
execution of other links
1 GEOM Reads geometric parameters. Prints all geometric
input and calculated values
2 CDAFIT Sets up stiffness parameters
3 ACCN Computes hydrodynamic pressures onthe shell
4 DEFLTN Calculates the deflections due to the pressures
5 PATH Controls flow after computation of deflections.
Computes velocities and accelerations
6 INTLDS Computes internal loads
7 PSUMS Outputs all computed quantities
8 PIX A dummy subroutine for a CRT Plotter
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2.1 PROGRAM FLOW DESCRIPTION

An overall flow diagrém ‘of the executive program 157DR is shown in
Figure 1, A listing of the complete program is shown in Section 7. 1.



zero selbcfedviaftide;

READ: TITLE
| e,V and W

.\\*“///,‘ 

Figure 1.

—-{ 10

TIMX = 0
Rewind scratch
tapes

¥

Read shell daté

'

Set time
interval
TDEL

l 20

call GEOM
reads and computes geametric
parameters

25 e
i
Rewind Unit 8

L

Flow of Executive Program 157 DR (Sheet 1 of 3)
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— V],' 30

-Call CRVFIT
read and set up
stiffness’
parameters

TFI

&'E--O \/ L—T.O

33

call ACCN
calculate impact
pressures

40

)

Call DEFLTN
calculate
deflections
Call PATH

determines program
Computes
velocity & accelerations

© w0
<0 >0

]
o

Figure 1. Flow of Executive Program 157 DR (Sheet 2 of 3)
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{Call INTLDS

Calculate

intermal

) s
Call SUMS

Outputs computed

quantities

20

Punch output

for a restart

)

80

Call PIX

Figure 1.

Flow

of Executive Program 157 DR (Sheet 3 of 3)
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2.2 Program- Deck Setup;f '

As explamed in Section 1. 1 the deck is set up in overlay regions.
Each region is denoted by a $ORIGIN control card. A list of the setup is
shown below. It includes the control cards and deck names The order of
these deckl maust be kept in the glven seqnem:e :

- 13 -




- $IBFTC
$IBFTC
"$IBFTC;
somc;né
$IBFTC'
$IBFTC

$IBFTC
$IBFTC
$IBFTC
$ORIGIN

$ORIGIN
$IBFTC
$ORIGIN
| $OBFTC
$ORIGIN
$IBFTC
$DATA

" Cantrol Cards

. §IBFTC
' $ORIGIN

$ORIGIN

$IBFTC

157 DR

CHAIN .

GMTRY‘Q_ p
e CF3P Cl
' .,CDAF!T s

CcoDSs
ENTP
CHAIN .
ACCN2
PMAXX
CHAIN
157DRI
MSUB
INVRS
CHAIN
WHERE
CHAIN
157DR2
CHAIN
FSUMS

CHAIN, SYSUTZ2, REW

LNK6

- 14 -
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‘Main ;Srog.,éain, |
 MMY.
‘apD

GEOM ;

CODIMA ™ -
 CRVFIT .

CODIMA
ENTERP

ACCN
PMAXL

DEFLTN
MSU

INV
PATH
INTLDS

SUMS

PIX



3.1 RESTART

In many calculations, it may be desired to restart the program at some
time tg without recalculating all the response quantities from zero totg. In
addition, if it is desired to calculate the response at. more than about 120 time
intervals, it is necessary to make a 'restart (see Section 6. 1. 2).

For a run from zero, the Iolhiwin‘g indicators are set:

. RESTRT

0
~ PNCH 0

n

0.
1.

Here, the condition RESTRT = 0.0 means that it is a start from zero. ' The
condition PNCH = 1.0 means that at the end of the job certain quantities will
be punched on cards to be used as data in a future restart. Thus, part of the
output from this job will be some cards containing the arrays

TIMX
ZP(K, L)
Z2P(K, L)
Z3P(K, L)
OMG2(L)

This punching is done by the executive program 157DR.

In order to restart the job, the following indicators are set in the
input data:

RESTRT

1.0
PNCH 1.0

Here, the condition RESTRT = 1.0 means that the punched output data of the
previous job is to be read as input data. The indicator PNCH = 1.0 means

that there will also be punched output at the end of this job. If PNCH = 0.0,
no data will be punched and no future restart will be possible. The punched

cards are put at the end of the data deck. They are read by subroutine
CRVFIT.

- 15 -




ED.
PRECEDING PAGE BLANK NOT FLM

4,1 INPUT DATA FORMAT

Data are entered into the program by three subroutines. The
executive program 157DR reads the hydrodynamic data, and the DA region
of the shell data. Subroutine GEOM reads the GDA region of shell data,
and subroutine CDAFIT reads the CDA region of the shell data. The regions
DA, GDA, and CDA are read by means of the DECRD subroutine.

- 17 -



4,2 DECRD Subroutine

The data in regions
DA, GDA, and CDA is
read by means of the

DECRD subroutine, A

description of the sub-
routine follows, together

with a listing in

FORTRAN 1V,

[

.17, 06 3

s

el | 2435

BT, o .6 5

B4 Ja 6 .4 9

) : ’

4-17 . 896

= NS

Bl- o . 0

4 1,9 75 o+ 3y
o] |1 2 3 o 2000 00

DECRD Decimal Read

1. Description. When a minus sign is
encountered in column 1 of a
DECRD data card, that card will be
read and then reading will be
terminated,

The index of a DECRD card must
be written to the extreme right of
the first 12-column field.

Extent: 78 locations.

Call Statement:
CALL DECRD (ARRAY)

where ARRAY is the name of the
read array to be read. This argu-
ment may be subscripted.

Error indication: If the index field
is zero or blank, the comment.
"BAD DATA CARD" and the con=
tents of columns 73-80 of the :
defective card will be printed.
- job will be te rminated.,

The

Example: Assume a CALL DECRD
(ARR) statement and the following
data cards:

The first card will result in informa-

tion being stored as follows:

ARR(1) -0,7063E 01
ARR(2) Unchanged

ARR(3) 0. 2435E-00
ARR(4) 0. 2065E 04
ARR(5) 0. 4649E 04

The - sign in column 1 of the second
card signals that this is the last card
to be read under control of this CALL
DECRD statement. This card has
been written to illustrate some types
of errors (or possible errors) in
writing the data. The information
will be stored as follows:

ARR(11) 0, 7896E 21 (Exponent
mislocated or
incomplete. )

ARR(12) Unchanged (Treated as
a blank, )

ARR(13) Unchanged (Treated as

: a blank.)

ARR(14) 0,2975E 04

ARR(15) 0, 1234E 03

When no decimal point is written, as
in the last two items, the data is read
by the E12, 8 format: the number of
decimal places is counted from the
beginning of the exponent field, if any,
or from the extreme right of the

field.
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4.3 Data Deck Setup

Data decks should be stacked as follows:

1. Three title cards (which may be blank, Iif necessary).
2. A card with VIN, RHO, WT.

3. DA, general shell data, read by executive program.

4. GDA, geometry data, read by GEOM subroutine.

5. CDA, section properties data, read by CDAFIT subroutine.

The data in groups 3, 4, and 5 should have 2 minus sign in column 1
of the last card.

The following tables show the nature of the DA, GDA, and CDA decks.
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4,4 Call DECRD (DA)

DECRD
Index Name Description
1 EN No. of points along shell meridian
2 AO Reference length (in.)
3 HO Reference thickness (in.) , For most cases
4 BO Reference Young's Modulus (ps*} set to 1,0
5 SIGO Reference stress (psi) j'
8 POI Poisson's ratio
11 SPRL Location of spring along meridian
12 UK Spring value in £ direction
14 WK Spring value in normal direction
16 TAUl Length of total time interval from zero
17 ENTI Total no. of time intervals from zero to TAUI
18 PIl Print interval (will always print last interval)
25 MASS Mass density lbs. sec/in%
26 CFE Coefficient of viscous damping at each station in
€direction
27 cz Coefficient of viscous damping in normal direction.
28 SKFE Spring constants of shell under elastic restraint in
£direction
29 SKZ Spring constant at each station in normal direction
30 SUM Fourier summing increment (always -1.)
33 TFI (Always -1) '
36 RESTRT |0. for start from zero, 1. for restart
37 PNCH 0. no future restart; 1. restart cards are punched
4440 EMI See description of top boundary conditions in Section 4. 6.
4476 EMIN =~ |See description of bottom boundary conditions in
Section 4. 6.

Last card must have a - sign in Column 1.
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4.5 Boundary Conditions

4.5.1 Top Boundary

When the boundary conditions on the top boundary are of the following
kind, a special flag can be used to specify them:

free: (Ng = Ngg = ﬁ‘g =M =0) = L.
roller: (Ng =ug=W= Mg = Q) = 2.
fixed: (ug = ug =W =¢§ = Q) = 3.

simply supported: (ug =ug= W= Mg = 0) = 4,
complete: (ug = ug = f‘g = ¢§ = 0) = 5.

In these cases, DA(4440) = 1. E10, and DA(4441) is given the value
1., 2., 3., 4., or 5. as shown above. Other special boundary conditions
may also be specified. As an example, the full boundary (which is also given
above) can be specified as shown in the following data sheets.
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' 4.5.2 Bottom Boundary

" The same selection of boundary cond1t'1onsv is available here as for the
top boundary. This time, the indicator specifying the free, roller, fixed,
sxmply supported, and complete cond;tlons are set as follows.

DA (4476) = 1. E10
DA(4477)- , 2., 3., 4., 5.,

accordmg to the boundawy condxtxon desired. An example of other pos sxble
boundary conditions is given im the data sheets below. The example _hgre_ is
the free boundary (the aame as in ‘Section 4. 5 1). oo P
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§.6 Call DECRD (CDA)

BECRD :
- Index Name Description
GMI Geometry indicator
1. = cone ‘= cylinder
2. = lphl!!! = toroid
3. = gumral diacrete point
_ 4, = arburary functions
2 EN | No, of station points _
3 ,PFLAG' Print indicator; # 0., prints all data
4 | RAL For GMI = 1.; radius at station 1
: RC For GMI = 2.; radius of curvature
5 AXL For GMI = 1.; axial surface length
ROFF | For GMI = 2, ; off-set distance to center of curvature
6 ANX For GMI = 1.; angle between generator and axis of
N revolution _
PHIO For GMI = 2, ; initial opening angle from vertical axis,
| in degrees.
7 PHIN For GMI = 2.; final opening angle from vertical axis,
in degrees.
8 EM -For GMI = 3, ; number of RI points given
9-208 | RIPT For GMI = 3, ; discrete radii (200 points maximum)
209-409 | XIPT For GMI = 3.; discrete XI - arc length, (200 points -

maximum)

The last card must have a - in Column 1.
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4.7 Call DECRD (CDA)

The various tables are set up in this region as followsv:

TAB (1) = No. of stations given along meridian (i.e., stationsv
- at which values change) :
TAB (2) = Station No. 1
TAB.{3) = Parameter valye at Sta.tion No. 1
- TAB (4) = Next. ctation no, .
» TAB (5) £ cht ptrtmeter value

‘ ._:f,_‘
Stations and parameter values interlaced.

The last station must be the Nth station parameter value because
CODIMA mtarpolatmn routine will not extrapolate.

. If +1. 0x 1010 5 placed in TAB (1) the following parameter value is
constant (uniform over all stations EN) and its value is placed in TAB (2).

L
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DECRD

Index Name Description
Extenaional Ri&idity
2 U ' DTB | No, of stations given, if =1.E10, thena constant
e ' | extensional .rigidity is given in 2
2 ; .'Station No. I, '
e - if CDA (1) =1, E10, then this is a constant value of
| -extensional rxgidity . '
'3 | Valueiof exunaiml ngidity between Statmn 1 and next
o station R
4 Station No. 2.
5 Value of extensional rigidity
6-41 Follow: same pattern to DTB (20), value of last r1g1d1ty.
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DECRD

Index Name Description
Flexural R ju'hty
42 EKTB No. of stationl given,if = 1. EIO then a constant flexural
e riyidity is given in 43 '
43 o Station No. 1
‘ if CDA {42)=1. E10, then ﬂus is the constant va;ue of
1 flexural rigidity .
44 1 valus Qf.ﬂexural rigidxty batween atat:on 1 and ncxt
' : ‘1 station
45 | Station No. 2 ’
46 | Valye of flexural: rigxdlty '
47-81 Follows same pattern to EKTB (20), value of last r1d1g1ty
Contmue as a.bove for the followmg quantities:
83-125 | EITB Young's modulus (E) -
124-164 | ALFTB | Coefft of thermal expans;on (@)
165-205 | DNATB 1/2 shell thickness (h/2)
206-246 | TTB Temperature gradient through shell (T) 3
247-287 | ENTB Membrane thermal load
288-328 | EMTB Bending thermal load
329-369 | PNTB Normal pressure on shell (at reference surface) |
370-410 | PFBTB | Meridional surface pressure (at reference surface)
452-492 | DZOTB | Initial displacement in normal direction.
493-533 | VZOTB | Initial velocity in normal direction
534-574 | QZOTB | Initial acceleration in normal direction
575-615 | DFOTB | Initial displacement in § direction
616-565 | VFOTB | Initial velocity in £ direction.
657-691 | QFOTB | Initial acceleration in § direction.

The last card must have a - sign in Column 1.
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 FRECEDING 1AGE BLANK NOT FILMED.

5.1 SAMPLE PROBLEM

' To demonstrate the use of the computer program, and to illustrate
the format of the input and output data, the sample problem shown in
Figure Z has been calculated :

, The problem concerns the vertical impact of a flexible body of
N revolutibu consistim of a shallow sphencal shell to which is rigidly attached
- a heavier mass. oathat their combmed weight is 10, 000 lbs. The radius of -
'cumturc of the: slnll middle surface is 175. 6 ins., and the opening angle is
‘19.. 53’ The shell oxténliml and flexural stiffnesses are both set équal to
3,33 x 105 Iba/in. . which cortesponds to a sandwich shell having 0.05 in.
. steel facings and 1. 95 in honaycomb core, Other shell properties are as

- follows: Mass per unit aurface area = 9.7 x 10-4 1bs. sec. /in. 3; Po;sson 8
ratio = 0, 33, and mddulua of elasticity E = 29,7 x 106 psi. The 1mt1a1 impact
velocity is 30 fps. The hydrodynamic loads are computed on the basis of
the rigid-body theory of Volume?2 of this report, and are then applied as a
forcing function to the shell of revolution. A full discussion of the numerical
results obtained is given in Volume 2. Sample data sheets follow.
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=175.6 IN.

Figure 2. Model of Sample Problem.

- 34 -




5,2 Sam'ple'lx:tput Data for a start from zero

In the present problem, we shall use a time interval of . 0001 seconds

“and make a run to 1,0 milliseconds. Because it may, at some future date,
be desirable to make a restart at 1. 0 ms. (to avoid recalculating the
response from zero), we shall punch some quantities on cards to make this

restart possible. They will be part of the 1nput in the future restart. Thus
we set RESTRT = 0.0, and PUNCH = 1.0,

Sample input sheeta._are qho_Wn below for the start fromvl,z,eirc}. |
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5.3 Sample Data for the Restart

In order to restart the problem at 1.0 ms., the following input is
required. Note that the time interval must be the same in all runs. The
changes in data are indicated by the arrows in the data sheets. Note
particularly that RESTRT = 1.0 here. The output cards obtained from the
previous run are placed at the end of the data deck. They are read in
subroutine CDAFIT.

The output quantities will be identical to those from the start from
zero.
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5.4 Sample Output

The following pages show the output resulting from the start from
zero of the sample problem. Letters in circles correspond to descriptions
below.

First Title Card

Second Title Card

Third Title Card

No. of Stations EN

Radius of curvature, ins.

Offset distance from center of curvature = 0
Closed apex, therefore PHIO initial opening angle is zero
PHIN, final opening angle is 19.53°

Station number

R(I), normal distance from shell to axis
W(THETA) nondimensional curvature in 6 direction
W(XI) nondimensional curvature in § direction
RHOX(I) R(I)/AO = P/AO

GAMMA (I) p’lp

DTB, the extensional rigidity (constant over shell)
EKTB, the flexural rigidity (constant over shell)
EITB, the Young's modulus (constant over shell)

ALFTB, thermal expansion coefficient (zero)

DNATB, 1/2 shell thickness (constant over shell)

POEEEECEEOEOOROOHE®OOE®®

TTB, temperature gradient (zero)
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EN

AO

HO

EO

SIGO

ENFO

ENFL

PO1I

THETA

PIXI

SPRL

UK

VK

WK

EMK

TAU1

ENTI

PIl

ENTB, membraﬁe thermal load (zero)

EMTB, bending thermal load (zero)

All these other quantities, read by CDR, are set to zero.
See Sections 4.4 to 4.7 for descriptions

number of stations

1}

= reference length
= Reference thickness
= Reference Young's modulus

Reference stress level

il

always zero

always zero

= Poisson's ratio

= always zero

= always zero

= location of spring along meridian
= spring value in § direction

= always zero

= spring value in normal direction
= always zero

= total length of time from zero

= Total no. of time intervals from zero to TAUIL

= point interval, Here PIl = 1, and output is pointed at
end of enc interval
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TAU2

ENT2

P12

TAU3

ENT3

PI3

MASS

CFE

CZ

SKFE

SUM
EN1
DEL
BCITP

BCIBM

EK
El

ALF

DNA

=0 § (always zero)

= mass density

= coefficient of viscous damping at each station in direction

= coefficient of viscous damping at each station in normal
direction

= spring constant of shell under elastic restraining in

direction
= - 1, always

= 1., open shell; = 2,, closed shell; set in GEOM

I

distance between station points

boundary condition indicator - top boundary

boundary condition indicator - bottom boundary
Full Tables of

Extensional rigidity

Flexural rigidity

Young's modulus

Coefficient of thermal expansion (zero here)

1
> shell thickness
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T temperature gradient through shell (zero here)

ENT membrane thermal load (zero here)

EMT bending thermal load (zero here)

Full Tables of PN, PFE, DZO, VZO, AZO, DFO, VFO,
AFO, all of which were read as zero in CDA. [See Section 4.7
for their descriptions

is self-explanatory. It shows the time (t), maximum radius
of the pressure profile (c), and overall vehicle velocity (V).
Maximum pressure is given in BC, and depth submerged is
not computed here.

is a column showing the station number from the apex (1) to
the boundary (120).

is a column of the total pressure acting at each station point.
Because the maximum radius of the wetted surface is 3. fé ins.,

®@ e 06 o

and the distance between each station point (DEL, see )
is . 503 ins., the wetted surface only extends to station &.
Beyond this station, no pressure is applied. Note that the
maximum pressure always occurs at the edge of the wetted
surface, in this case at station 8.

This page contains columns of response output. The columns
are as follows:
I Station points along shell meridian
U(I) Tangential displacement (ins) of middle surface in ¢ direction
V(1) Tangential displacement of middle surface in 6 direction.

Here zero because problem is axially symmetric.

W(I) Transverse displacement (ins.) of middle surface (positive
outward).
M(PHI) Meridional bending moment Mg (in 1bs/in.)

M(THETA) Circumferential bending moment Mg (in lbs. /in.)

M(PHI, Twisting moment Mge. Zero here because problem is axially
THETA) symmetric.
Q(PHI) Shear force Qg (1bs/in.)
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Q(THETA)

Z)

N(PHI)
N(THETA)

N(PHI,
THETA)

SIG(PHI)

SI1G
(THETA)

SIG(PHI,
THETA)

€3

VEL(U)

VEL(V)
VEL(W)

ACC(U)
ACC(V)

ACC(W)

Shear force Qg. Zero here because problem is axially
symmetric,

Additional columns of response.
Station point along meridian
Meridional membrane force Ng (Ibs/in.)

Circumferential membrane force Ng (lbs/in.)

Twisting force Nge. Zero here because problem is axially

symmetric.
Stress T (psi) on outer fiber of shell.

Stress 0g (psi) on outer fiber of shell.

Stress ‘Tge on outer fiber of shell. Zero here because problem

is axisymmetric.
Additional columns of response.
Tangential velocity in £ direction (ins. /sec.)

Tangential velocity in 6 direction. Zero here because
problem is axially symmetric

Transverse velocity (ins/sec.), positive in outward
direction.

Tangential acceleration in ¢ direction (ins. /secz)

Tangential acceleration in 6 direction (ins. /sec?)

Transverse acceleration (ins. /secz), positive in outward

direction.
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20-31216828°%S

Z0-3€%59900°9
20-30899561°9
20-3162996€°9
20-31€52019°9
20-31€186€8°9
20-38002580°L

10 3696%L04°1
10 3918€269°1
10 3290€209°1
10 39212285°1
10 3250120s°1
10 3698695%°1
10 3€55890%°1

20-32s2L8%€°L
20-36L1%2€9°L

20-319888E6°1L
20-30€810L2°8 _

20-3126%1¢€9°8
20-31066%20°6

10 3s21296¢€°1
. 10_3985690€°1
10 30%6€962°1
10 3161¢902°1
10 3€4€0951°1
10 _300%8501°1

€0~38L . L%69°G
£0-3809L%69°¢
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£0-3809L%69°G
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10-329%€5%0°1
10-362€9€01°1 _

10-36865891°1
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7.1 PRO(

0.1 WARNINGS AND RECOMMENDATIONS

b, 1.1 Choice of Time Interval

The proper choice of the appropriate time interval At is important
tor obtaining good results. IfAt is too large, the response will be highly
damped and inaccurate. On the other hand, ifAt is too small, the program
will take a large amount of time to run. In the sample problem At of 0.05 ms
was used, which gave good results.

o. 1.2 Number of Iterations

There is an unidentifiable bug in the problem which makes it necessary
that a restart be made after about 140 iterations through the shell program.
Should 160 iterations be exceeded, the program will '"blow up." Therefore,
it is recommended that the job be run in segments of roughly 120 iterations

between restarts. The method of restarting is explained in Sections 1.3 and
5. 3.

b. 1.3 DECRD
The subroutine DECRD is in the NAA program library and consequently
does not appear specifically in the source decks. In installations without

this program in their library, the subroutine should be inserted in the zero
link behind the subroutine MMY.
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